The governments of Malaysia and Singapore reached a landmark deal in May 2010 that subsequently led to the cessation of the railway services in Singapore. The nearly 80-year-old railway lines and stations in Singapore, which were leased to and operated by a Malaysian government owned firm, Keretapi Tanah Malaya (KTM), were returned to Singapore's government with effect from July 1, 2011. Residents living in close proximity to the railway lines could enjoy some "quietness" from passing train noise following the termination of the train services. This study uses the cessation of KTM railway services as an exogenous shock in a quasi-experiment design to test real estate capitalization effects of the train noise externalities. Based on the both private and public non-landed housing transactions data in Singapore for the sample period from January 2005 to June 2013, the train noise externality, which was represented by differences in price between houses located within 400 meters from the railway lines (treatment) and those outside the 400 meters boundary (control), were estimated at between 4.7% and 6.6% after the agreement was announced. The capitalization effects of the railway noise externalities on the prices of houses in the affected area increased by 12.1% during the post-implementation periods. The removal of the train noise externalities was translated into a realized economic benefits amounting to S$0.32 billion, based on a sample of houses sold in the post-implementation period.
Introduction
Traffic externalities have long been a politically sensitive issue in many countries.
Many governments have been spending millions of public funds on infrastructure projects such as rail transit lines, airports, and major expressways, optimistic that the infrastructure investments could bring positive social, economic, and environmental benefits. Brueckner (2003) finds evidence that airport expansion in Chicago increases service-related job employment. Baum-Snow and Kahn (2000) show that investments in public transit improvements induce people to switch from driving to transit, which consequentially improves local air quality and reduces congestion. Local residents, who were affected by noise and congestion from new infrastructure projects, have actively lobbied and opposed governments' plans to have the projects built in their "backyards".
1 However, the local residents' voice was often muted, and they were also excluded in the planning processes.
Keretapi Tanah Melayu (KTM), a company owned by the Malaysian government, ceased its railway operations on the nearly 80-year-old railway lines connecting
Singapore and the Malaya Peninsular in Singapore with effect from 1 July 2011. KTM moved its railway station to the Woodlands Train Checkpoint, near the Singaporean end of the Johor-Singapore Causeway. The railway lands and stations to the south of the new railway station were returned to the Singaporean government. In return, the Singaporean government allocated six parcels of land in the downtown area to M+S Private Limited, a joint venture company set up by the two governments. For residents living along the railway tracks and near the railway stations, the relocation event permanently removed inconveniences caused by the noise of train horns and track alarm system at railway gates, and the vibration of passing trains.
We design a quasi-experiment with the railway cessation event to empirically estimate the discounting (capitalization) effects of railway noise (quietness) on real estate values. We use the distance of housing to rail lines, as a proxy of noise externality, to sort houses that are subject to rail noise into a treatment group, and other houses that 1
In 1994, a local pressure group bought up a small parcel of land and obstructed the expansion plan for the fifth runway of Schiphol Airport in Amsterdam (Theebe, 2004) .
are not affected by such externalities into a control group. Based on the difference-in-differences (diff-in-diff) framework, we empirically estimate the effects of the removal of train noise externalities using housing transactions for the period from January 2005 to June 2013. We found that prices of housing units located within 400 meters from the KTM train lines (treatment group) increased significantly by 4.7% to 6.6% after the announcement of the KTM land-swop agreement in May 2010. The "treatment" effects drove up housing prices by further 12.1% after the implementation of KTM service termination agreement in July 2011. Based on the post-implementation transactions of 2,322 sample houses located within 400 meters from the KTM railway line (the treatment group) with an aggregate value of S$2.97billion as the reference, the realized economic benefits associated with the KTM rail line cessation agreement amounted to approximately S$0.32billion.
We make two contributions to the externality literature. First, our quasi-experiment design overcomes the endogeneity problems that have dogged many past empirical designs. On one hand, airport hubs create service-related employments and bring commercial activities to the surrounding areas (Brueckner, 2003) . 2 On the other hand, airports also cause other non-noise related inconveniences, such as traffic congestions in major roads leading to the airports. Similarly, studies on rail externalities also show that high neighborhood crime rate (Bowes and Ihlanfeldt, 2001 ) and crowdedness in retail activities near rail stations offset the accessibility benefits associated with rail transit nodes. It is difficult to disentangle noise externalities from other correlated effects associated with airports and railway transit nodes. In our quasi-experiment, noise of passing trains that affects residents living on both sides of the railway track is uncorrelated with externalities such as congestion and crowdedness. Accessibility benefit is also not directly relevant to local residents because KTM trains are used mainly for inter-city travelling between Singapore and Malaysia. Therefore, the cessation of railway operations is a "clean" event that represents the removal of noise externality in our difference-in-differences (diff-in-diff) strategy; and the event is also "precisely" and unambiguously identified on and after July 1, 2011.
2 Cohen and Coughlin (2008) show that the distance houses to airport could be negatively correlated with housing prices, if airport noise is controlled. The proximity to airport is an amenity that has a negative price elasticity of -0.15 using housing data near the Atlanta's Hartsfield-Jackson International Airport in 2003.
The test of railway noise externality in a high-rise, high density urban city setting is the second contribution of our study. Train noise transmitting upward in a straight-line pattern affects residents in high-floor units more strongly than those in low-floor units.
We found that price discounts attributed to KTM train noise range from 0.3% to 0.8% per floor for houses located within 400 meters from the railway track. The negative externality on residents living in high floor units -say, on the 10 th floor -could be translated into a housing price discount of as high as 8% relative to comparable houses on the ground floor.
The remainder of the paper is organized as follows: Section 2 reviews related literature on traffic externalities and housing prices. Section 3 gives the historical background of key events leading to the cessation of KTM railway lines operations.
Section 4 describes data sources and descriptive statistics. Section 5 discusses the empirical methodology and identification strategies. Section 6 analyzes empirical findings on how the removal of noise impacts housing prices between the treatments and the control samples. Section 7 concludes the paper with discussions on some policy implications.
Literature Review
Many studies have evaluated negative externalities of being in close proximity to transportation nodes, which include airports (O'Byrne, Nelson and Seneca, 1985; McDonald and Osuji, 1995; Tomkins, Topham, Twomey and Ward, 1998; McMillen, 2004; Theebe, 2004; Sobatta, Campbell and Owens, 2007; Cohen and Coughlin, 2008) and rail transit lines (Gatzlaff and Smith, 1993; Bowes and Ihlanfedt, 2001; McMillen and McDonald, 2004) . However, McMillen (2004) shows that the expansion of O'Hare Airport in Chicago has, on the contrary, reduced the severe-noise covered area surrounding the airport with quieter aircraft and new flight paths.
In a survey of related literature, Nelson (1980 and 2004) found that housing price elasticity for every decibel reduction in airport noise range between 0.5% and 0.67%.
McMillen (2004) estimates that houses that were subject to noise level of above 65 decibels in Chicago's O'Hare Airport area were priced at a discount of 9.2% compared with similar houses that were not exposed to the noise. The noise externality (noise levels above 65 Decibels) was priced at a higher discount of 12% surrounding the Amsterdam's Schipol airport area (Theebe, 2004) . Cohen and Coughlin (2008) , however, showed that the impact on airport noise caused housing prices to drop by 20.8% if the day-night noise level exceeded 70 decibels. However, they showed that houses located in close proximity to Atlanta's Hartsfield-Jackson
International Airport enjoyed positive amenity premiums. Lipscomb (2003) also found that the positive accessibility benefits to Atlanta's Hartsfield International outweigh the negative externality caused by noise generated from the airport.
Weinhold (2013) ran the "happiness regressions" using the survey data and showed that noise-induced "unhappiness" costs an income-equivalent of €172 per month per household. When examining social costs of noise imposed on different groups of local households, Sobotta, Campbell and Owen (2007) found evidence that discrimination against Hispanics could be used as a predictor of the airport pollution source.
Ogneva-Himmelberger and Cooperman (2010) also showed that minority and low-income households near Boston's Logan Airport are more vulnerable to noise externalities.
The studies on rail transit noise externalities showed mixed results. Baum-Snow and Kahn (2000) found positive capitalization of proximity to rail transits into home prices and rents in five US cities: Boston, Atlanta, Chicago, Portland and Washington DC. Gatzlaff and Smith (1993) , however, found weak capitalization in the values of residential properties upon the announcement of the Miami Metrorail System. McDonald and Osuji (1995) and McMillen and McDonald (2004) showed evidence of "anticipative" effects, when residential land and housing price started to appreciate long before the completion of the new Midway Line stations in Chicago.
When the tradeoffs between accessibility convenience and neighborhood amenity of rail transit stations and the negative externalities of noise and crime are considered, Bollinger and Ihlanfeldt (1997) and Bowes and Ihlanfeldt (2001) found that the gross effects of rail transit externality vary by the proximity to downtown and also The lands, varying from 15 meters to 55 meters in width, on both sides of the 40 km of rail tracks were leased to KTM on two different tenures, one for a period of 999 years and another for perpetuity ( Figure 1) . 4 Under the 1918 ordinance, the lands would have to be returned to the settlement's successor, Singapore, if the lands were no longer used for its intended purpose.
[Insert Figure 1 here]
The KTM train services were extended from Johor Bahru, the southernmost city of Based on the premise that noise levels are negatively correlated with distance of housing units from the railway track, we determine a cutoff distance upon which housing price changes are reversed from negative to positive with respect to distance from the KTM railway track as the cutoff boundary. This cut-off is then used to divide the study areas along the railway track into a rail noise externality zone and a rail noise neutral zone (areas that are affected by rail noise). Based on the spatial identification the responsibilities of master-planning the urban and infrastructure development for Singapore. It collects data on private property market transactions and publishes indices to track market trends in Singapore. 14 Condominiums and apartments are developed, built and sold in the open market by private developers. There are no restrictions on foreign ownerships for these two properties, except for apartment projects, where foreigners are only allowed to buy projects that are 6-storey and above in height. Condominiums could be sold freely in the open markets to foreigners. 15 The government introduced the executive condominiums (ECs) scheme in 1995. Like private non-landed housing, ECs are full-facilities public housing, but developed and sold by private developers to eligible buyers.
15
ECs are targeted at middle-income young professionals, who are subject to the income ceiling of S$12,000 per month. 16 Singapore Land Authority (SLA) is the custodian of state lands and national land registry of Singapore. A caveat is usually lodged with the SLA by a purchaser to protect his/her interest soon after an option to purchase a property is exercised or a sale and purchase agreement is signed. 17 In Singapore, a 6-digit postal code is used to represent a building block.
(the distance cutoff), we sort housing samples located within the rail noise externality zone into a treatment group and others into a control group. We also set two distances, which are 2km and 5km, as the outer boundaries in defining our study areas so as to avoid possible boundary discontinuity problems in our experiment design.
4.1.
Descriptive Statistics Table 1 summarizes the descriptive statistics of the key variables used in our study. Our samples consist of a total of 221,019 observations (transactions). The average transaction price of the samples was estimated at S$1,280,169, or an equivalent unit price of $11,025 per square meter (S$/psm). We convert the transaction prices into the logarithm term, and use the log-price as the response variable in our model. The average size of the samples was 116.51 square meter (sqm); and the average floor level of the sample transactions was estimated to be 9.49, which reflect the high-rise, high-density nature of housing developments in Singapore.
[Insert Table 1 here]
We define a set of dummy variables, which has a binary value of either 0 or 1, to represent housing type, land tenure and transaction type. We use two dummies:
"condominium" and "apartment", to represent the two housing types developed and sold by private developers. "Condominium" is a housing type that is usually of larger scale and equipped with full-fledged facilities within the development, compared with "apartments", which is built on a smaller land parcel of less than 0.4 hectare. There is no restriction on foreigners' purchases of "condominium", but foreigners may only purchase "apartment" of above 6-storey heights under the Residential Property Act.
Executive condominium ("EC") projects also have the same facilities like private condominium projects, but they are built and sold by private developers on lands sold by the government. The ownership of ECs is restricted to only Singaporean citizens with monthly household income of less than S$12,000. We also use three dummy variables to separate transactions taking place at three different stages of the development processes, which include pre-completion units sold by developers ("New sale"); units by owners before completion ("Sub-sale"); and completed units sold in the secondary markets ("Resale"). "New sale" and "Resale" made up the majority of the transactions, which were estimated at 47% and 44%, respectively. We use "freehold" to represent housing units with tenure of more than 99 years, which is the common lease tenure for housing units built on state lands.
The average linear (perpendicular) distance of housing samples to the railway track was estimated at 6.6km. However, we use 2km and/or 5km as the upper boundaries to winsorize housing samples located outside the boundaries to avoid discontinuity in neighborhood characteristics that could affect the estimations (Black, 1999) . We measure the closest distances to other amenities, such as MRT stations, bus stations, schools and the central business district (CBD). The statistics on means and standard deviations are reported in Table 1 .
Empirical Design and Identification Strategy
We adopt a semi-log hedonic pricing model to empirically test the impact of noise reduction (removal) on residential property values. We rely on two types of variations as our identification strategy: proximity to KTM railway line (spatial variations), and before and after the cessation of KTM train services in Singapore (temporal variations).
Before estimating the impact of noise reduction due to KTM train service termination, we need to determine a threshold zone that separates houses that were affected by KTM train noise from those that were unaffected by the noise. In these analyses, we divide areas within 500 meters (m) of KTM railway lines into 10 sub-areas (deciles) with an equal-distance interval of 50m (i.e., 0-50m, 50-100m, … , 450-500m). We then estimate the price premium/discount for each sub-area using a hedonic pricing model:
where is the transacted property price in a log-term, indicates a subarea located within (50 1 , 50 meters to KTM railway lines (a linear perpendicular distance measure). is a price premium/discount estimated for housing in subarea ;  is a vector of coefficients for property characteristics, X', which include unit area, property type (apartment /condominium /executive condominium), land tenure (freehold/leasehold), sale type (resale/sub sale/new sale), and buyer type ("private buyer" has a value of 1, if a buyer currently lives in a private housing unit; and 0 otherwise, if he/she lives in a public housing unit); is a vector of coefficients for neighborhood amenities, N', which include distance to the nearest MRT station, distance to the nearest primary school, distance to the nearest shopping mall, distance to CBD area, and distance to the nearest bus stop;  represents the year and month fixed effects, which account for price patterns in different years and seasonality within the same year;  represents location fixed effects, where the two spatial measures including 38 planning areas, or 70 planning sectors identified by the first 2-digit postal code are used to control for unobserved spatial features at different neighborhood levels; is an i.i.d. error term.
We estimate Equation (1) using only transactions occurring before the announcement of the cessation of KTM services. The coefficients to measure implicit pricing of the distance of housing units to the KTM railway line; and a negative coefficient indicates a price discount for being close to the KTM railway lines. Based on the distance coefficients, we identify the distance threshold when the coefficient changes from a negative value to a positive value. This distance threshold is used to sort sample houses into a treatment group consisting of houses that are negatively affected by train noise, and a control group with houses that are unaffected by train noise.
After delineating housing samples along the KTM railway lines into two groups 18 , we investigate in the next step the impact of the removal of KTM railway noise by testing variations in prices of houses located "inside" and "outside" of the noise-affected areas, and "before" and "after" the cessation of the KTM railway operations. Two dates are used to identify the effects of the cessation of KTM railway operations in our models, which include the announcement date as on May 2010 ("Afterannounce") (when the two Prime Ministers announced the land-swop deal) and the implementation date as on July 1, 2011 ("Afterimplement") (when the train services 18 The spatial boundary in our study serves the same purposes as the noise contours used in McMillen (2004) and others, as we expect that noise level is inversely correlated with distance from the railway tracks. are terminated). We then extend the hedonic pricing model as follows:
where is a time dummy variable that has a value of 1, if the date of transaction is after the announcement of the KTM cessation policy; 0 otherwise; and is a time dummy used to identify transactions occurring after the implementation date. "Treat" is a spatial boundary dummy variable that has a value of 1, if a housing sample is located within the affected KTM noise zone; and 0 otherwise; and measure the impact of the removal noise externality on property values after the announcement and after the implementation of KTM POA, respectively. We expect the two coefficients to be positive, if people value quietness after train noise has been removed. Other variables in the model specification are the same as in equation (1). For both equation (1) and (2), the standard errors are clustered at the planning areas and/or the planning sectors (spatial fixed effects). Table 2 shows the estimation results of equation (1). As part of our boundary discontinuity design, we winsorize housing samples using outside 5 kilometers (columns 2 to 4) and 2 kilometers (columns 5 to 7). The models in column 2 and 5 are the most parsimonious regressions controlling only for property characteristics, year and month fixed effects and planning area fixed effects; while the models in column 4 and 7 are the most extended regressions that include property characteristics, neighborhood characteristics, year and month fixed effects, and postal district fixed effects.
Main Results

Delineating Spatial Boundary (Treatment Zone)
[Insert Table 2 here]
The results are consistent with our expectations; the negative discrete distance coefficients indicate that properties that are closer to the KTM railway lines are priced at discounts compared to properties that are further away. We observe that the coefficients on the discrete distance variables change uniformly from a negative sign to a positive sign, when the distance to KTM railway line is greater than 400 meters.
The results are consistent across all the six regressions suggesting that 400 meters is the clear discontinuity line that separates the affected and the unaffected KTM noise zones. Based on the maximum noise level model proposed by the US Federal Transit Administration (FTA) and a set of pre-determined parameters (as described in Appendix), the 400-meter distance is translated into a noise level of approximately 70 decibels to 84 decibels for a single passing train. There were about 10 trains passing by the KTM railway track a day before the operations ceased.
Impact of railway noise externalities on housing prices
Figure 2 plots the distributions of the monthly average of log-transacted price for houses located inside (treatment) and outside (control) the affected KTM noise areas.
We observe significant price premiums for houses located outside the KTM noise zone before the announcement of the KTM railway service termination. However, the premiums decline, and turn negative (discounts) in some cases, after the announcement date indicating significant price appreciation for houses located in the affected areas after the removal of KTM noise externalities.
[Insert Figure 2 here] Table 3 summarizes the empirical results on the impact of the termination of KTM rail operations on housing prices. The coefficients on "Treat" are significant and negative, which imply that noise externalities reduce housing prices by 6.1% to 8.1% (row 3) in the pre-termination period. However, after the announcement of the KTM land-swop agreement in May 2010, housing prices in the treatment areas increased significantly by 4.7% to 6.6% (row 4). Prices of the treated housing samples increased significantly by 12.1% to 14.7% (row 5) after the implementation of the KTM services termination agreement in July, 2011. We observe that housing price started to increase as soon as the KTM rail service termination was announced in May 2010, which was more than one year before the implementation of the agreement (July 2011). However, the earlier movers (sellers) did not fully cream off the abnormal profits associated with the removal of the noise externalities at the announcement date. Larger price capitalization effect was accrued to sellers, who waited and sold their houses after the implementation of the KTM termination agreement.
[Insert to increase by 15.2% to 22.4%, and the "implementation" effects are three times stronger than price increases of 5.7% to 7.6% for resale housing units in the treatment area. The marginal treatment effects in the post-cessation of KTM rail services periods relative to the announcement periods were estimated at between 2.4% and 5.5%
for the new sale properties; and between 3.8% and 4.4% for the resale properties.
[Insert Tables 4 and 5 
Noise externalities and distances from KTM rail lines
We conduct robustness tests to verify if our results are driven by different cut-off distances used to delineate the "treatment" areas (affected KTM rail noise areas). We substitute the 400 meters cut-off distance by two different threshold distances, which are 350 meters and 450 meters, and replicate the main empirical analyses. The results summarized in Tables 6 (350 meters) and 7 (450 meters) are largely consistent with the main findings in Table 3 .
[Insert Tables 6 and 7 here]
The significance of the announcement effect decreases in the regressions, when the treatment boundary increases to 450 meters (Table 7) . However, the results remain significant at the 5% level for the models with the complete set of control variables and fixed effects specifications (columns 4 and 7). The treatment effect has been weakened when the samples in the affected noise zone between 400 meters to 450 meters from the railway lines were added. However, we could not fully eliminate the externality effects associated with train noise on housing prices in the areas. Our results are robust to suggest that noise externalities associated with the KTM train operations are significantly and negatively correlated with distance of houses from the train lines.
Falsification tests using industrial properties
The cessation of KTM rail services is correlated with the removal of train noise in our empirical design. If this hypothesis does not hold, we should expect prices of houses in close proximity to the KTM train line to have no significant effects before and after the cessation of the KTM rail services. In our falsification tests, we collect transactions of industrial properties including factories and warehouses for the same sample period from the URA REALIS database. Based on the same 400 meters threshold, we find that 4.6 % of the industrial properties are located in the affected KTM noise areas (treatment group), and around 44.3% of the transactions occurred after the announcement of the KTM service termination. If users of factories and warehouses are not sensitive to train noise, we expect that the cessation of the KTM train services to have no significant impact on industrial property values.
Based on the same model specification as in equation (2), we estimate the model using industrial properties and summarize the results in Table 8 . The results show no impact of the effects associated with the announcement and the implementation of KTM train service termination on industrial property prices. Our identification strategy of the train noise externality using the KTM rail service cessation event is robust; and the hypothesis that the removal of the KTM noise externalities is capitalized into the residential property prices is not rejected in our empirical tests.
[Insert Table 8 here]
Building Height (Floor Level) Effects
If train noise travels upward in a straight-line pattern, building height that measures the diagonal distance between buildings and railway lines could also explain price capitalization effects with respect to noise externalities. Given that trees and green buffers on both sides of the rail lines could reduce train noise, we expect high-floor housing units to experience stronger noise effects than low-floor housing units. In our robustness tests, we add an interactive term of the linear distance and the floor level ("Treat  Floor") to the models, and estimate the log-housing price functions using only pre-announcement samples. Table 9 shows that the "Floor" variable has positive coefficients indicating that high-floor units with unblocked views command premiums over low-floor units. However, the negative coefficients on the interactive term imply that the view premiums are traded-off by the negative impact of train noise that transmit directly to unblocked high-floor housing units located close to the train line. The price discounts were estimated at 6% to 8% for high floor units that are affected by the noise externalities of the KTM trains. The results are consistent with the evidence of the negative capitalization of noise externality in housing prices.
[Insert Table 9 here]
Conclusion
The 20-year impasse of the KTM railway line POA between Malaysia and Singapore has been amicably resolved via a landmark land-swop deal in May 2010. The deal led to the cessation of KTM railway services in Singapore; and as a result, KTM returned the railway lands at Tanjong Pagar, Bukit Timah, Kranji, and Woodlands stations and the accompanying lands along the 40km railway track cutting across the island to Singapore's government. The KTM train services were officially terminated on 1 July 2011, removing the noise externalities that have disrupted residents living in close proximity to the railway lines. This cessation of KTM railway services event offers clean and exogenous variations, spatially and temporally, for our quasi-experiment to test real estate capitalization effects associated with the removal of the train noise externalities.
Given that the KTM train line has been in operation for nearly 80 years on Singapore's lands since 1932 -long before many houses along the railway line were built -the removal event is clearly exogenous in our tests. As KTM trains are cross-border commuting services between Singapore and major cities in Malaysia, the close proximity to the railway train stations at Tanjong Pagar (the last disembarkation point in Singapore) is not likely to give significant accessibility benefits to local residents as in other rail transit stations studied in the US. Therefore, the distance measure used in our study is a clean proxy for noise externality.
We use non-landed housing transactions, in both private and public markets, in The effects of the removal of the KTM noise were capitalized into housing prices by at least 12.1% in the post-implementation periods. We compute the realized economic benefits accrued to Singapore's government in the KTM service termination deal, which amounted to S$0.32 billion, based on estimated aggregate values of S$2.97 billion for sample houses transacted in the post-implementation period.
Our findings support the evidence in earlier literature that shows significant noise externalities associated with traffic noises. Our results are not affected by possible trade-off of accessibility benefits of rail transit lines, which could potentially bias downward the estimation of noise externalities. Unlike the opening of new rail transit lines and airports, the cessation of the KTM line event is unlikely to be affected by other cofounding effects such as traffic congestions, increased commercial activities, and employment, which are usually associated with the new and expanded airport and train facilities.
Appendix: An engineering model on diffusion of noise generated by railway locomotive engines
Noise emitted by passing trains is one of the most frequently experienced externalities by residents living close to railway lines (Dittrich 2001). The equivalent sound level (Leq) descriptor has been widely used by many countries to measure the noise impact from rail traffic. However, the maximum noise level (Lmax) has also been used as an alternative descriptor when sleep and health effects are considered (Zanetti 1996 Noise from the locomotives:
, 10 log 50 10 log 50 10 log 2 3.3
Noise from the rail cars:
, 10 log 50 10 log 50 10 log 2 sin 2 3.3
The maximum noise level from a passing train:
where and are the reference sound exposal level (SEL) for a locomotive and a rail car at the reference distance of 50 feet and with the reference speed of 50 miles per hour, respectively; D is the closest distance between a receiver (resident) and the source, measured in feet; L is the total length of a referenced group of locomotive(s) or rail car(s) in feet; S is the vehicle speed in miles per hour; and arctan , in radians.
Based on the assumptions that: (1) the length of a typical train consisting of a locomotive engine of 70 feet and six rail cars of 420 feet; (2) the average speed is 50 km/hour; and (3) the and are set at 90DBA (a weighted decibel measure) and 82DBA, respectively, according to the HMMH (1995). The results suggest that the maximum noise level for a single train passing by the treatment area is computed at approximately between 70DBA and 84DBA. There were about 10 trains passing by the rail track on a daily basis before KTM ceased its Singapore's operations. 
